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Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S134plateau that are seen in vivo joint articulation. Therefore, we aimed to
evaluate the combined effects of articulating motion and of IL-1b on
cartilage integrity in an in vitro dual-rotating system. We hypothesized
that articulation would decrease the effects of IL-1b on matrix degra-
dation as observed through the loss of glycosaminoglycans.
Methods: Fresh twenty-four week old bovine stiﬂe joints were
obtained from a local abattoir. Full thickness (w3 mm) oval cartilage
explants were removed by custom punch from the femoral trochlear
groove. Explants were randomized into four test groups (n ¼ 4 each):
articulation þ IL-1b, articulation only, no articulation þ IL-1b, and
control (no articulation, no IL-1b). Explants underwent a ﬁve-day pre-
culture in media (DMEM: F12þITS). Groups exposed to IL-1b (100 ng/
mL) experienced a one day pretreatment condition before testing, and
IL-1b exposure was continued throughout the three day period. Testing
was conducted in the four station joint motion simulator, housed in an
incubator with 95% humidity, 5% CO2 and 37C [Fig. 1].Figure 1. (a) Joint motion simulator, housed in incubator. (b) Model of
contact between the ball and explant.Explants were laterally conﬁned in porous polyethylene platens and loa-
ded to 40N (w2 MPa) while articulated against a ceramic ball for three
hours per day for three days (ball rotation: 30 at 0.1 Hz, explant rota-
tion: 15 at 0.5 Hz). Culture media was individually collected and
replenished at the end of each test and rest period. Immediately after test
completion on day three, explants were qualitatively examined for cell
viabilitywith LIVE/DEAD assay. The collectedwearmedia from the three
test dayswere examined for total glycosaminoglycan (GAG) content using
the DMMB assay. A two-way ANOVA was used for statistical analysis of
cumulative GAG release while student t-tests were used for analysis of
daily GAG release with p-value less than 0.05 being signiﬁcant.
Results: There were no visual differences in cell viability of non-
articulated explants, regardless of exposure to IL-1b. However, articu-
lation against the ceramic ball caused increased superﬁcial zone cell
death, regardless of exposure to IL-1b. As expected, there was a sig-
niﬁcant increase in cumulative GAG release due to the presence of IL-1b
versus the absence of IL-1b (p ¼ 0.003) [Fig. 2].Figure 2. Cumulative GAG released into media, n ¼ 4. Mean  SEM.ĂThere was a trend towards a decrease in GAG release due to articulation
(p ¼ 0.087). However, no interaction between articulating motion and
IL-1b was detected (p ¼ 0.8311). Signiﬁcant differences in media GAG
content were observed after day three of testing [Fig. 3]. Themedia GAG
content of the IL-1 treatment alone group was signiﬁcantly higher than
that of the other groups (p < 0.01); while the articulation alone group
had a signiﬁcantly lower media GAG content when compared to the
other groups (p < 0.05).
Figure 3. GAG released into media after each test period, n ¼ 4. Mean 
SEM. Symbols denote p < 0.05: y as compared to no articulation þIL-1b; z
as compared to no articulation, no IL-1b; U as compared to articulation þ
IL-1b.
Conclusions: This study uses a novel model of joint movement to
address the effects of articulating load and motion on IL-1b induced
cartilage matrix damage. The data showed that the in vitro articulating
motion applied in this tribosystem may be promising for minimizing
the effects of IL-1b, which follows previous ﬁndings in the literature
that mechanical loading decreases IL-1b matrix degradation. Based on
the daily GAG release, we suspect that a longer time period would show
more signiﬁcant differences between the interactions of articulation
and IL-1b. Future studies shall include extending the testing period as
well as more extensive analysis of the media and cartilage for markers
of GAG and collagen damage.
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Purpose: During aging and joint damage, the integrity of cartilage
homeostasis is disrupted and the catabolic activity may increase;
meanwhile the rate of new protein synthesis may be insufﬁcient to
maintain tissue homeostasis. These changes may vary with distance
from the articular cartilage surface as well as the distance from the
chondrocytes. In order to study these changes, a comprehensive anal-
ysis is needed to prevent the bias from insufﬁcient extraction or analysis
based on too few proteins. In this work, we developed a highly repro-
ducible method for extracting and analyzing minute (1–2 mg quanti-
ties) cartilage samples to identify and quantify the guanidine-HCl
extractable proteins and the non-extractable residual proteins. The ﬁnal
goal of this project is to obtain a molecular understanding of the joint
architecture in healthy aging and disease as well as different joints by
mapping the zonal organization of protein distribution pattern.
Methods: We have collected cartilage samples from hips and knees (both
healthy and disease) and performed transverse frozen sectioning. Sections
from superﬁcial, middle and deep layers were generated. To achieve the
goals of this research, ﬁrst we have optimized the procedure of extracting
proteins from cartilage extracellular matrix (ECM) without confounding
by intracellular proteins of chondrocytes. Chondrocytes were depleted
by performing serial rapid freeze/thaw cycles in hypotonic solution.
Following this, we performed conventional chaotropic guanidine-HCl
extraction to obtain extractable proteins, and in situ trypsin digestion.
We subsequently performed qualitative screening by Thermo Orbitrap
Velos Pro MS as well as quantitative multiple reaction monitoring (MRM)
using a triple quadropole instrument (TSQ-Vantage, Thermo).
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489 S135Results: We have monitored the efﬁciency of chondrocyte depletion
and effects on ECM recovery by quantiﬁcation of dsDNA, glyco-
saminoglycans (GAGs), and protein within the hypotonic solution.
While the majority of proteins were found in the guanidine-HCl extract
as expected, using the discovery approach and sequential extraction, we
identiﬁed several unique proteins from the extraction residue, such as
ﬁbrillin-1 and collagen IX. The extractability of proteins using guani-
dine-HCl was calculated for approximately 40 proteins using quanti-
tative proteomics and MRM.
Conclusions: We have optimized the protocol to minimize confounding
by intracellular proteins and managed to perform mass spectrometry
analysis targeting both extractable cartilage proteins and the cartilage
residue. Our results suggest that although conventional guanidine-HCl
extraction is capable of extracting proteins from cartilage, the adaptations
of this method provide ameans of analyzing the cartilage ECM that is not
confounded by intra-cellular protein and that can account for the wealth
of collagen and collagen associated proteins in the cartilage residue after
guanidine extraction. Such a method is essential for conducting com-
prehensive proteomic analysis of the cartilage in health and disease.Acknowledgement:
We would like to thank Prof. Dick Heinegard for initiating this study.
Without his effort and knowledge, we couldn’t start and achieve what
we have now. His memory will always be with us. This study was
supported by an OARSI collaborative scholarship.
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Purpose: A common feature of osteoarthritis (OA) and aging-related
diseases, is the progressive accumulation of damaged macromolecules
leading to cell dysfunction and death. Autophagy, a key pathway of
cellular homeostasis by removing such damaged molecules and
organelles, including mitochondria, has a protective and survival-pro-
moting function. Recent studies indicate that autophagy activity in the
articular cartilage is defective in aging and OA, contributing to the
accumulation of damaged macromolecules. In addition, there is
increasing evidence that mitochondrial dysfunction plays a critical role
in accelerating the aging process, and several lines of evidence associate
mitochondrial dysfunction to OA cartilage. The objective of this study is
to determine whether activation of autophagy protects from mito-
chondrial dysfunction in human chondrocytes.
Methods: Human chondrocyteswere treatedwith Rotenone (10 mg/ml),
Antimycin (40 mg/ml) and Oligomycin (10 mg/ml), a mitochondrial res-
piratory chain (MRC) inhibitors of complex I, III and IV, respectively.
Mitochondrial function and cell death were evaluated by Flow Cytom-
etry (FC), Fluorescence Microscopy (FM). Autophagy activation was
analyzed by determination of LC3-II, a main marker of autophagy
activation by Immunoﬂuorescence (IF) and Western Blot (WB). To
investigate whether autophagy protects from mitochondrial dysfunc-
tion, autophagy was induced by mTOR inhibition, using mTORC1
selective inhibitor Rapamycin (Rapa, 10 mM) and mTORC1 and mTORC2
inhibitor Torin 1 (50 nM). The effects on autophagy, mitochondrial
function and chondrocyte viability were analyzed by IF, WB, FC and FM.
Functional studies were performed by genetic approach using siAtg5, a
essential autophagy marker for autophagosome formation, to evaluate
the role of autophagy on mitochondrial dysfunction.
Results: Mitochondrial dysfunction was induced by 6 h treatment with
MRC inhibitors, which signiﬁcantly decreased mitochondrial membrane
potential (Djm) (ROT: 26.17  5.9; AA: 18.21  3.28; Oligo: 41.74  7.59,
expressed as % vs control; *p < 0.01). These results are consistent with
increased ROS production (26.8%, 44.6% and 25.7% for ROT, AA and Oligo,
respectively; *p< 0.001) and cell death by apoptosis at 12 h (Control: 13.56
 1.83; ROT: 33.66  5.55; AA: 29.05  4.262; *p < 0.05). Autophagy
activity determined by LC3-II was increased at short incubation times,
perhaps acting as an early response to stress and then decrease in a time
dependent manner. To evaluate whether autophagy regulates mitochon-
drial dysfunction, chondrocytes were pretreated with Rapa and Torin 1 for4 h and then treated with theMRC inhibitors for 12 h. The results show an
increase in LC3expression compared toMRC inhibitorsalone. Furthermore,
autophagy inducers Rapa and Torin1 increasedDjm (Rapa: 125.8 20.74;
RapaþROT: 44.6710.37; RapaþAA: 30.715.949; RapaOligo: 108.5
55.03 and Torin 1: 90.34  9.17; Torin 1þROT: 35.24  2.7; Torin 1þAA:
41.98  6.49; Torin 1þOligo: 98.19  16.81; *p < 0.05), decreased ROS
production (*p < 0.05) and reduced cell death, suggesting a protective
effectof autophagyactivationonpharmacologically inducedmitochondrial
dysfunction. Importanly, blocking autophagy by siAtg5 showed a sig-
niﬁcant dysfunctional changes in theDjmandROS production (*p< 0.05),
indicating the essential role of autophagy in mitocondrial function.
Conclusions: These data identify autophagy activation as a protective
mechanism from mitochondrial dysfunction in human chondrocytes.
Pharmacological interventions that enhance autophagy may have
chondroprotective activity in pathological articular cartilage with
defects on mitochondrial function.
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SMOC2 MODULATES CHONDROGENESIS BY INTERFERINGWITHWNT
AND BMP SIGNALING PATHWAYS
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Purpose: Osteoarthritis (OA) is a highly disabling pathology of the bone-
cartilage unit, to which both patient-dependent (weight excess,
trauma/) and genetic factors contribute. A proteomic analysis of OA
cartilage revealed an increase in SPARC-relatedmodular calciumbinding
protein-2 (SMOC2). SMOC2 was originally identiﬁed by isolation from a
chondrogenic extract of articular cartilage togetherwith GDF5 and FRZB,
other proteins associated with the pathogenesis of OA. As aspects of
endochondral bone formation are seen in OA (loss of stable phenotype,
hypertrophy), we investigated the role of SMOC2 in chondrogenesis.
Methods: Three independent stable clonal colonies of the ATDC5
chondrogenic cell line, control (empty vector/GIPZ) and SMOC2 over-
expressing (SMOC2þ) or knocked-down cells (SMOC2-), were used.
Clones were cultured as high density micromasses (2 x 105 cells/10 ml).
Chondrogenesis was induced by culturing cells for 14 days (D) in DMEM/
F12þ 5% FBSþ ITS [insulin (10 mg/ml), transferrin (10 mg/ml) and sodium
selenite (30 nM)]. On D14, cells were switched to mineralization
medium (aMEMþ 5% FBSþ ITS) to investigate the mineralization phase
of chondrogenesis. mRNA expression of typical chondrogenesis markers
(Aggrecan (Agg), type II (Col2a1) and X (Col10a1)) collagens were
assessed byquantitative RT-PCR. Likely,weassessedmRNAexpression of
Wnts (-3a, -4, -5a, -5b, -11) and BMPs (-2, -4, -6, -7). Quantiﬁcation of
Alcian Blue, Safranin O, Sirius red and Alizarin red staining were used to
evaluate proteoglycans, collagens and mineralized content respectively.
Western blot was used to check the activation of BMP and Wnts path-
ways. Cell viability was checked with Live/Dead assay.
Results: In SMOC2þ cells, during the early (D1-7) and late proliferation
phase (D7-14), Col2a1 and Agg mRNA were less increased compared to
controls. Safranin O and Alcian blue stainingwere also less upregulated in
SMOC2þ. This was consistent with a lower activation of Smad 1/5/8 in
SMOC2þ. Col10a1 mRNA increased as expected from D14 onwards,
although it was signiﬁcantly lower in SMOC2þ compared to control cells.
SMOC2 overexpression also affected Wnt mRNA levels, notably by
reducing Wnt11. During mineralization phase (D14 to D21), Col10a1
mRNA was strongly increased, but to a lesser extent in SMOC2þ, and
alizarin red was much stronger in controls. The SMOC2- cells exhibited
opposite features as SMOC2þ. In the D1-D14 phases, Collagen and Pro-
teoglycan contentwashigher than in controls, alike Col2a1mRNA level. In
the D14-21 phase, these differencesweremaintained, and Col10a1mRNA
level was higher in SMOC2-, and a trend was found for a higher miner-
alizationcontent inSMOC2-.Nodifferencewasdetected incell viability for
both SMOC2þ and SMOC2- compared to their respective controls.
Conclusions: SMOC2 modulates the chondrogenesis process, by
affecting the BMP-Smad and Wnt signaling pathways.
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